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S U } 1  M A R Y
M a r i o n  r s l a n d  ( 4 6 0 5 3 '  S ,  3 7 o 4 5 '  E ) ,  a n  e x t i n c t  s h i e l d  v o l c a n o ,
i s  s i t u a t e d  i n  t h e  S u b - A n t a r c t i c  r e g i o n  o f  t h e  S o u t h e r n  I n d i a n
O c e a n .  I t s  s u r f a c e  a r e a  o f  2 9 0  k m ' ,  c o n s i s t s  o f  a  c o a s t a l  o l a i n
and  a  moun ta inous  i n te r i o r  w i t h  t he  summi t  peak  reach ing  t o  1230
met res .  The  wea the r  j - s  cha rac te r i sed  by  l ow  tempera tu res ,  heavy
p r e c i p i t a t i o n ,  a n d  s t r o n g ,  p r e d o m i n a n t l y  w e s t e r l y  w i n d s .
T h e  f l o r a  c o n s i s t s  o f  o n l y  3 8  s p e c i e s  o f  v a s c u l a r  p l a n t s .  L i k e
t h a  € l n r .  t . h e  f a U n a  i S  C h a f a C t e f i s e d  h r z  a  n a r r r - i t r z  o f  s n ê e i e s _  T nr r  v t r q !  q v  L v !  r J s v  p I  q  y q q v r  L J  v !  D y u u t u p  .
t e r m s  o f  t o t a l  n u m b e r s  o f  a n i m a l s ,  h o w e v e r ,  t h e  i s l a n d  i s  v e r y
r i ch .  La rge  rooke r i es  o f  K ing  Pengu i -ns  and  Maca ron i  Pengu ins  a re
loca ted  on  t he  eas t  and  no r th  coas t .  La rge  number  o f  A lba t rosses
a n d  P e t r e l s  b r e e d  i n  t h e  i n t e r i o r .
h r r r i n n  r h e  p e r j - o d s  D e c e m b e r  1 9 7 5  M a y  1 9 1 6 ,  N o v e m b e r  1 9 1 6
D e c e m b e r  L 9 7 7  r  d s  w e l l  a s  A p r i l  l ' l a y  1 9 7 8 ,  t h e  c h e m i c a l  a n d  m i c r o -
b i o l o g i c a l  a s p e c t s  o f  t h e  n i t r o g e n  c y c l e  o n  M a r i o n  I s l a n d  w e r e
s t u d Í e d .  T h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  w a s  p r i m a r i l y  t o  g a i n
a  su rvey  o f  t he  impo r tance  o f  m i - c roo rgan i sms  i n  t he  n i t r oqen
c y c l e  a s  i t  o c c u r s  i n  d i f f e r e n t  p l a c e s  o n  t h e  i s l a n d .  I n  a d d i t i o n
! a  + 1 ^ . :  ^L \J  L r r r>  1  t t t o . t t l f  chem ica l  de te rm ina t i ons  we re  pe r fo rmed  to  enab le  a
mode l  o f  t h i s  n i t r ogen  cyc le  t o  be  d rawn  up .
N i t r ogen  and  phospho rus  appea red  t o  be  impo r tan t  g row th - l im i t -
i n g  f a c t o r s  f o r  b a c t e r i a ,  a l g a e  a n d  p l a n t s  ( C h a p t e r  ï I ) .  f n  o l a c e s
w h e r e  n o  a n i m a l s  d e f e c a t e ,  t h e s e  t w o  n u t r i e n t s  w e r e  n o t  o r  h a r d l y
de tec tab le  and  t he  number  o f  m ic roo rgan ísms  was  re l a t i ve l y  I ow
( <  I O G  b a c t e r i a  p e r  m l  w a t e r ) .  I n  a r e a s  w h e r e  b i r d s  a n d  E l e o h a n t
S e a l s  d e f e c a t e ,  n i t r o g e n  a n d  p h o s p h o r u s  a r e  i n t r o d u c e d .  T h e s e
s p o t s  a r e  r e c o g n i z a b l e  b y  h i g h  n u m b e r s  o f  b a c t e r j - a  ( I 0 6  1 0 e
b a c t / m l )  a n d  a  t h r i v i n g  v e g e t a t i o n .
A l I  L 2 0  s t r a i n s  o f  b a c t e r i a ,  i s o l a t e d  f r o m  a l t i t u d e s  b e l o w
5 0 0  m  a p p e a r e d  t o  b e  p s y c h r o t r o p h i c .  T h e i r  o p t i m u m  t e m p e r a t u r e
w a s  2 8 o C ,  a n d  a l l  o f  t h e m  w e r e  c a p a b l e  o f  g r o w i n g  a t  O o C .  P s y c h r o -
p h y l i c  b a c t e r j - a  h a v i n g  a  m a x i m u m  g r o w t h  t e m p e r a t u r e  o f  l e s s  t h a n
2 O o C  o c c u r r e d  o n l y  a t  h i g h e r  a l t i t u d e s  ( 1 0 0 0  m ) .
N i t r o g e n  i n d i s p e n s a b l e  f o r  t h e  g r o w t h  o f  b a c t e r i a  a n d  p l a n t s
i s  i n t r o d u c e d  i n t o  } 4 a r i o n  T s I a n d  i n  d i f f e r e n t  w a y s .  C v a n o b a c t e r i a ,
r - a n : l - r ' l  o  n f  f . i  x i n . Í  m 1 . 1 - l  o r - r r l a r  n . i 1 _ r a n a n  a f e  f O U n d  m a i n l r z  i n  a l c r a lr L r v r L . v  v Y U r r ,  q r v  ! v u r t v  t . L q ! r r ! y  r l r  q f , Y q f
r 1 3
mats  and  i n  assoc ia t i ons  w i t h  mosses .  IA l i t h  t he  ace t y l ene - reduc t i on
me thod  t he  n i t r ogen - f i x i ng  ac t i v i t y  o f  a l ga l  ma ts  was  de te rm ined
( C h a p t e r  ï I I ) .  T h e  t o t a l  a m o u n t  o f  n l t r o g e n  i n t r o d u c e d  b y  f i x a t i o n
w a s  e s t i m a t e d  a t  f 5 0 - 2 0 0  k g .  C o m p a r e d  t o  o t h e r  n i t r o g e n  s o u r c e s ,
e . g .  b i r d  e x c r e t a ,  t h i s  a m o u n t  i s  v e r y  s m a l l .
The  mos t  impo r tan t  n i t r ogen  sou rces fo r  t he  l 4a r i on  I s l - and  eco -
s y s t e m  a r e  t h e  e x c r e t a  o f  b i r d s  w h i c h  f o r a g e  a t  s e a .  5 0 0 - 7 0 0
T o n n e s  o f  n i t r o g e n  a r e  a n n u a l l y  d e p o s i t e d  o n  t h e  i s l a n d ;  m o s t  o f
i t  i s  d e p o s i t e d  o n  t h e  b a r e  r o c k s  i n  t h e  p e n g u i n  r o o k e r i e s  ( C h a p -
t e r  I V ) .  8 0 U  o f  t h e  n i t r o g e n  e x c r e t e d  b y  p e n g u i n s  d u r i n g  t h e i r
mou l t  f as t  appea red  t o  be  u r j - c  ac id  n i t r ogen  w i t h  t he  rema in ing
2 0 2  b e i n g  m a i n l y  p r o t e i n s  a n d  a m m o n i a .  S i n c e  n o  u r i c  a c i d  w a s
de te rm ined  i n  t he  rooke ry  depos i t ,  i t  seemed  to  be  reasonab le
to  assume  tha t  a l l  u r i c  ac id  exc re ted  by  t he  pengu ins  was  rap id l y
decomposed .  Chap te r  V  desc r i bes  some  expe r imen ts  t o  p rove  t h i s
rap id  b i odeg rada t i on .  I t  appea red  t ha t  t h Í s  deg rada t i on  p roceeded
f - ^ !  - . r -  L - i ^ 1 -l q r L  q L  r r r v r r  t e m p e r a t u r e s  ( 2 0 o C )  a n d  a t  h i q h  p H  ( >  7 . 0 ) .  A t  l o w
tempera tu res  (6oC)  t he  deg rada t i on  ra te  dec reased ;  bu t  unde r  bo th
ae rob i c  and  anae rob j - c  cond í t i ons  t he  deg rada t i on  ra te  was  h igh
enough  to  a l l ow  a l l  u r i c  ac id  p roduced  by  t he  pengu ins  t o  be  de -
g raded .  Th i s  deg rada t i on  was  pe r fo rmed  bo th  by  m ic roo rgan i sms
a n d  b y  e n z y m e s  ( r e l e a s e d  b y  t h e  l y s i s  o f  c e l l s  o f  b a c t e r i a ) ,  s u c h
as  u r i case  and  u rease ,  wh i ch  p roved  t o  be  p resen t  i n  t he  rooke ry
depos i t .  A l l  u r i c  ac id  n i t r ogen  j - s  conve r ted  i n to  ammon ia  n i t r ogen .
Due  to  t he  we t  c l j -ma te  and  t he  consequen t  bac te r i a l  ac t i v i t y ,  no
guano  accumu la t i on  occu rs  on  Mar Íon  f s l and .  On  compar i son  o f  t he
N / P  r a t i o  o f  p e n g u i n  e x c r e t a  a n d  t h a t  o f  t h e  r o o k e r y  d e p o s i t ,  i t
appea red  t ha t  l a rge  amoun ts  o f  ammon ia  (80%)  evapo ra ted .
Chap te r  V I  dea l s  w i t h  mode l s  o f  t he  n i t r ogen  cyc les  i n  a  l { aca -
ron i  Pengu in  rooke ry  du r i ng  t he  mou l t  f as t  and  i n  a  K Íng  Pengu in
rooke ry  du r l ng  t he  mou l t i ng  pe r i od  and  t he  beg inn ing  o f  t he  b reed -
i n g  s e a s o n .  I n  b o t h  r o o k e r i e s  t h e  d e g r a d a t i o n  o f  u r i c  a c i d  i n t o
ammon ia  and  t he  subsequen t  evapo ra t i on  o f  t he  l a t t e r  a re ,  quan -
I  i  { -  r  I  i  r r a l  r r  t he  mos t  impo r tan t  p rocesSeS  .  N i t r i f  iCa t iOn  and  de -e f  u q u r v v f - I  t
n i t r i f i c a t i o n  a r e  r e l a t i v e l y  u n i m p o r t a n t .
Pa r t  o f  t he  evapo ra t i ng  ammon ia  (g  202 )  i s  depos i t ed  on  t he
j - s l a n d .  A t  l e a s t  4 0  5 0  t o n n e s  n i t r o g e n  e n t e r  t h e  v e g e t a t e d  a r e a s
t h i s  w a y .  S o ,  t h e  p e n g u i n s  a r e  m o r e  i m p o r t a n t  f o r  t h e  t o t a l  n i -
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t r ogen  cyc le  t han  was  t hough t  be fo re .  F rom enumera t i ons  o f
m ic roo rgan i sms  i nvo l ved  i n  t he  n i t r ogen  cyc le  i t  appea red  t ha t
l a r g e  n u m b e r s  o f  b o t h  a e r o b i c  a n d  a n a e r o b i c  b a c t e r i a  ( t 0 6  l O e
b a c t / m l )  o c c u r  i n  t h e  p e n g u i n  r o o k e r l e s .
30  40  Tonnes  o f  n i t r ogen  i n  p ro te ins  and  u r j - c  ac id^  i s
a n n u a l l y  d e p o s i t e d  o n  t h e  v e g e t a t i o n  b y  b i r d s ,  s u c h  a s  p e n g u i n s ,
a l b a t r o s s e s  a n d  p e t r e l s  ( s e e  i n t r o d u c t i o n  c h a p t e r  r v ) .  T h e  o r -
gan l c  n i t r ogen  compounds  a re  rap id l y  deg raded  i n to  ammon ia ,  a
pa r t  o f  wh i ch  i s  subsequen t l y  n j - t r i f i ed .  Bo th  ammon ia  and  n i -
t r a t e ,  w h i c h  a r e  g r a d u a l r y  l e a c h e d  b y  t h e  h e a v y  r a i n s ,  c a n  b e
u s e d  b y  b a c t e r i a  a n d  p l a n t s .  C h a p t e r  V f f  d e s c r i b e d .  h o w  t h i s  r e -
s u l t e d  i n  a n  i n c r e a s e  i n  t h e  n u m b e r s  o f  b a c t e r i a .
E r e p h a n t  s e a l s  a n n u a l l y  d e p o s i t  r 0  1 5  t o n n e s  n i t r o g e n  a s
faeca l  p ro te i ns  and  u rea  i n  t he  wa l l ows  wh i ch  a re  f o rmed  when
t h e y  m o v e  i n l a n d  t o  m o u l t  ( C h a p t e r  V I I I ) .  ï n  t h e s e  w a l l o w s ,  c o n -
ta i n i ng  l a rge  numbers  o f  bac te r l a ,  t he  o rgan i c  n i t r ogen  compounds
were  rap id l y  deg raded  i n to  ammon ia .  As  a  resu l t  o f  t he  h igh  pH ,
caused  by  t he  h igh  ammon ia  con ten t ,  abou t  one  t h i r d  o f  t he  am-
m o n i a  e v a p o r a t e d ;  a  p a r t  o f  t h e  l a t t e r  ( 2 .  3  t o n n e s )  w a s  d e -
p o s i t e d  o n  t h e  i s l a n d  a g a i n .
F rom th i s  i nves t i ga t i on  i t  can  be  conc luded  tha t  t he  i npu t  o f
u r i c  a c i d  a n d ,  t o  a  s m a l - l e r  e x t e n t ,  t h a t  o f  p r o t e i n s  ( e x c r e t a ,
f ea the rs )  by  b i r ds  a re  t he  mos t  impo r tan t  n i t r ogen  sou rces  f o r
Mar i on  I s l and .  M ic roo rgan i sms  conve r t  t hese  o rgan i c  compounds
in to  ammon ia .  Th l s  ammon ia  i s  d i r ec t  o r  i nd i r ec t  t h rough  evap -
o ra t i on  and  subsequen t  depos i t i on  t he  n i t r ogen  sou rce  f o r  a
Iuxu r j - ous  g row th  o f  vege ta t i on .
Eve rywhe re  on  t he  i s l and  t he  resu r t  o f  t h i s  n i - t r ogen  i npu t
c a n  b e  o b s e r v e d  b y  t h e  f a c t  t h a t  p l a c e s  w i t h  a  l a r g e  i n p u t ,  s u c h
as  round  a  pengu in  rooke ry  o r  a l ba t ross  nes t ,  a  good  g row ing
e v e r g r e e n  v e g e t a t i o n  o f  p l a n t s  s u c h  a s  p o a  e o o k í i  p r e v a j , I s .
P r a c e s  w h e r e  t h e  p r a n t s  a r e  h a r d l y  i n f r u e n c e d  b y  a n i m a l s  a r e
c h a r a c t e r i s e d  b y  a  b r o w n i s h  v e g e t a t i o n  w h i c h  d i e s  o f f  i n  w i n t e r .
F rom enzyme  de te rm ina t i ons  i n  p l an t  ex t rac t s  i t  apoea red  t ha t
t h e  g l u t a m a t e  d e h y d r o g e n a s e  a c t i v i t y  i n  p o a  c o o k i z  l e a v e s  d e -
c r e a s e s  a s  t h e  i n f l - u e n c e  o f  a n i m a l  e x c r e t a  o n  t h e  p l a n t s  i n -
a l r ê ^  a ê c
The  ammon ia  p roduc t i on  i n  t he  rooke r i es  o f  t he  Maca ron i  Pen -
r r 5
gu ins  as  we l l  as  t he  heavy  ra j - ns  and  t he  p red .om inan t l y  wes te r l y
wj -nds have produced an "ammonia shadow" around the rookery  where
a  v i go rous  p lan t  g row th  occu rs .  S ince  t he  he rb i vo res  a re  o f  no
impo r tance  on  t he  i s l and  and  bac te r i a  do  no t  f u l l y  deg rade  t he
dead  p lan t s ,  a  t h i ck  pea t  l a te r  has  been  fo rmed  a round  the
p e n g u i n  r o o k e r y .  C r  u - d a t i n g  o f  t h i s  p e a t  l a y e r  h a s  s h o w n  t h a t
t h e  M a c a r o n i  P e n q u i n s  f i r s t  b r e d  o n  t h i s  p l a c e  a b o u t  7 0 0 0  y e a r s
a g o .
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